Thiobacillus intermedius, a mixotrophic chemolithotroph (8) , grows in autotrophic or complex heterotrophic medium, but optimal growth occurs in a mixotrophic medium, i.e., in the presence of thiosulfate and organic substrates (2) . Among other compounds, the presence of glucose in thiosulfate mineral salts medium or in yeast extract broth markedly stimulates the growth rate and yield of this organism (2) . Ribulose diphosphate carboxylase is repressed during growth in thiosulfate-glucose broth, and glucose provides over 90% of cell carbon under these conditions (3) . Since the amount of glucose utilized approximated the amount of cell material formed, it was concluded (3) that glucose serves as a carbon source but not as an energy source in thiosulfate-glucose broth.
The basis for the glucose-stimulated growth in glucose-yeast extract broth has not been investigated, but it was suggested (2) that in this medium glucose might serve as an energy source for assimilation of carbon furnished by compounds in yeast extract. An analogous situation has been described for Desulfovibrio desulfuricans growing in an isobutanol-yeast extract medium (6) . If this were the case, a paradox exists in that glucose would provide T. intermedius carbon in one nutritional environment, energy in another, and yet would not serve as the sole carbon and energy source (2) . Since Fernbach flasks containing 700 to 800 ml of medium were employed for obtaining large cell crops. Starter cultures on thiosulfate and thiosulfate-glucose agar media were grown in Roux bottles. Growth harvested from six to eight bottles was used to inoculate a single flask. Otherwise, 100 ml of culture grown in the homologous medium was used per flask.
To increase cell yields, additional thiosulfate was added to thiosulfate-containing media during culture development until 2 to 3 g/100 ml had been consumed, at which point the cells were harvested. No additions were made to the heterotrophic media during growth. Cells in these media were harvested toward the end of exponential phase. All cultures were maintained near pH 6.8 as already described.
Every culture was tested for purity at the time of harvesting by microscopic examination and by streaking on thiosulfate-yeast extract plates. The speed of colony development, colonial morphology, and acid production on thiosulfate-yeast extract plates readily distinguished T. intermedius from any heterotrophic contaminants.
Prepartion of cell-free extracts. Cells from various media were harvested by centrifugation at 4 C and washed twice in cold 0.006 M potassium phosphate buffer (pH 6.8). The washed cells (about 0.7 g, dryweight basis) were suspended in about 10 ml of the same buffer. Depending on the medium used, growth from 2 to 12 Fernbach flasks was required to make such suspensions. The cell suspensions were either used immediately or stored at -40C.
Cells were broken by passing the suspension twice through a chilled French pressure cell at about 20,000 psi. One passage was sufficient for cells grown in most media, but autotrophically grown cells were not effectively broken by a single treatment. To keep the procedure constant, all suspensions were processed twice. After treatment, the mixture was centrifuged at 11,000 X g for 50 min at 4 C to sediment unbroken cells and debris. Such extracts (crude cell extract) were used to study cytochrome-linked reactions.
Reduction of endogenous cytochrome c in cell extracts was shown by difference spectra between systems containing and lacking substrate. With glucose as the substrate, the reaction mixture contained, in a total volume of 0.25 ml, tris(hydroxymethyl)aminomethane (Tris)-maleate buffer (pH 7.0), 2.5 pmoles; glutathione, 1 The amount of glucose consumed at the termination of growth in glucose-yeast extract or glucose-casein hydrolysate broth ranged between 25 to 45% of that added (Table 1) . Since considerable glucose remained and the pH was maintained near optimum, it was not clear why growth stopped in these media. Three possible reasons were considered to explain this cessation of growth: (i) lack of effective aeration due to high cell density of the cultures; (ii) accumulation of toxic end product(s) in the medium; and (iii) exhaustion of some component(s) of yeast extract or casein hydrolysate which is essential for growth.
To decide among these alternatives, two cultures of T. intermedius, one in glucose-yeast extract broth, and the other in yeast extract broth, were allowed to reach stationary phase of growth while an optimal pH level was maintained. After maximal turbidity was reached, 10 ml of each culture were transferred to Nephalo flasks containing 20 ml of sterile MS solution lacking carbon and energy sources. The diluted cultures were shaken for 3 days during which time there was no detectable change in their turbidity. Then, 0.1% yeast extract was added to the diluted glucose-yeast extract culture and 0.5% glucose was added to the diluted yeast extract culture. There was rapid growth in the former but none in the latter (Fig. 1) Glucose is consumed to a greater extent in the complex heterotrophic media than in thiosulfateglucose broth (Table 1 ). In the latter medium, in which most of the cell carbon is derived from the hexose (3), the amount of glucose consumed is roughly equal to the cell material synthesized. In the former media, in which the complex substrates presumably continue to serve as carbon sources, however, glucose consumed is substantially in excess of the increase in the quantity of cell material synthesized when glucose is added ( Table 1 ).
The ability of extracts of cells grown in glucose-supplemented complex heterotrophic media and in thiosulfate-glucose broth to couple glucose oxidation with the reduction of endogenous cytochrome c was compared. Addition of glucose to cell-free extracts of glucose-yeast extract or glucose-casein hydrolysate grown cells resulted in the rapid appearance of a reduced cytochrome c spectrum; cytochrome c in these extracts was also reduced by yeast extract, casein hydrolysate, or thiosulfate. In contrast, no reduction of endogenous cytochrome c could be detected within 40 min after the addition of glucose to extracts of thiosulfate-glucose-grown cells, even in the presence of 5 ,umoles of KCN in the reaction mixture. The addition of thiosulfate to these extracts with and without KCN rapidly caused such a reduction. It was shown that glucose is phosphorylated in the latter extracts under the conditions of the cytochrome reduction experiment. Thus an enhanced adenosine triphosphatase activity cannot account for lack of cytochrome c reduction.
The fate of glucose in the presence of both thiosulfate and complex organic matter was also examined. In thiosulfate-glucose-casein hydrolysate broth, both the growth rate and growth yield were greater than in glucose-casein hydrolysate broth, but there was a marked reduction in the amount of glucose consumed (Table 1) . Attempts to couple glucose oxidation with the reduction of endogenous cytochrome c in the cell-free extracts of thiosulfate-glucose-casein hydrolysate grown cells were unsuccessful. These extracts rapidly linked thiosulfate or casein hydrolysate oxidation with endogenous cytochrome c reduction.
Although most of the glucose remains unused in thiosulfate-glucose broth, London and Rittenberg (3) showed that growth yields in this medium are directly proportional to glucose concentration in the range of 0.1 to 0.7%. The same relation was found for glucose-casein hydrolysate broth: the growth yield increased linearly with increasing glucose concentration over the entire range tested, i.e., 0.1 to 1.0% (Fig. 2) . The amount of glucose consumed at the termination of growth also increased with increasing glucose concentration in the medium (Table 1) . DISCUSSION The evidence presented here indicates that in complex heterotrophic media T. intermedius uses glucose as a source of energy, presumably for the assimilation of carbon compounds in the complex substrates. This conclusion is supported by the radiorespirometric experiments, presented in the following paper (5) , which demonstrate release of "CO2 from "4C-glucose added to these media. The data on glucose consumption and cytochrome c reduction show that glucose in thiosulfate-glucose or thiosulfate-glucose-casein hydrolysate broth provides cell carbon and no, or little, energy for the growth of T. intermedius. Presumably this is because of the repression of several enzymes of glucose metabolism (5).
Thus, although T. intermedius is unable to derive energy from glucose in one nutritional environment, it does so in another.
The regulatory mechanisms which enable this organism to use glucose differently in various nutritional environments will be considered in detail in the following paper (5 If thiosulfate interferes with the metabolism of glucose by T. intermedius, the converse apparently is also the case, i.e., glucose, or some product of its metabolism, interferes with thiosulfate oxidation. London and Rittenberg (3) have reported that cell suspensions harvested from thiosulfateglucose broth oxidize thiosulfate at a much lower rate than suspensions of cells grown in thiosulfatemineral salts medium. It was also shown that with increased glucose concentration in the medium there is a decrease in thiosulfate-oxidizing activity. This mutual antagonism between glucose metabolism and thiosulfate oxidation, the chemolithotrophic energy-generating mechanism in T. intermedius, is reminiscent of a similar antagonism between fructose metabolism and the hydrogenoxidizing system which has been reported in Hydrogenomonas H-16 (1) .
The effect of glucose concentration on the growth yields of T. intermedius in thiosulfateglucose and glucose-casein hydrolysate broths is peculiar. In both cases, even though most of the added glucose remains unused during growth, cell yields increase in direct proportion to the glucose concentration of the medium. This effect suggests an inefficient, concentration-dependent glucose transport in T. intermedius. A study of glucose transport in this organism might provide an explanation for its inability to grow in an unsupplemented glucose-MS medium.
